SUMMARY Elderly patients with major depression and normal controls completed the Sternberg short-term memory scanning procedure and WAIS Digit Symbol. Depresssed patients demonstrated psychomotor slowing on both tasks, but normal response latency as a function of memory set size on the Stemnberg procedure. While cognitive-behavioural slowing may be observed in both depressive illness and subcortical neurological disorders, a normal rate of processing information centrally appears to distinguish depression from certain of these disorders. Psychomotor slowing in the presence of normal information processing speed might be explained by a deficit in motivational state associated with depression.
The cognitive deficits often observed in patients with depression or depressive pseudomentia resemble those attributed to "subcortical dementia".''2 The term subcortical dementia refers to behavioural changes associated with disorders in which primary neuropathology is located in subcortical brain, regions.' 3 -5 Although this term lacks specific neuroanatomical reference and may falsely imply the absence of cortical dysfunction,6 it is used to describe a constellation of behavioural changes which seem characteristic of patients having subcortical pathology. These changes include cognitive slowing, forgetfulness or deficient retrieval, intellectual "dilapidation" and alterations in personality and affect such as apathy, decreased drive and depression. 1 4 7 Benson' points out that psychomotor retardation, a "common behavioural sign in major depression", is the most characteristic feature of subcortical dementia. Caine2 also suggests that the inattention, slowed mental processing, decreased spontaneous verbal elaboration and deficient analysis of detail frequently seen in depressed patients represent a "subcortical" pattern of cognitive impairment. Perhaps the most characteristic clinical feature shared by depression and certain subcortical neurological disorders is cognitive and/or psychomotor slowing. One paradigm useful for measuring these functions is the memory scanning procedure developed by Sternberg. 8 In this task, speed and accuracy of short-term memory retrieval are measured independently and motor demands remain constant while the amount of information to be processed varies. Slowed memory scanning speed on the Stemnberg task has been demonstrated in neurological disorders such as Parkinson's disease9 and Friedreich's ataxia'0 " in which the location of primary neuropathology is subcortical nuclei or white matter tracts. If major depressive illness produces a pattern of cognitive impairment which resembles subcortical dementia, then memory scanning speed may be slowed. We examined this hypothesis by administering the Sternberg memory scanning task to elderly patients with major depression and normal controls matched for age and education. Digit Symbol was included as a measure of psychomotor speed, and for our purposes subjects were instructed to complete every item on the answer sheet before stopping.
In the short-term memory scanning procedure, subjects faced a monitor interfaced with an Apple Ile computer and placed one thumb on a "yes" button and the other on a "no" button. A session consisted of 192 trials broken into 12 blocks of 16 trials each. Prior to each trial block, the subject was shown on the monitor 1, 2, or 4 digits to remember. Within each trial block, a single digit appeared on the monitor and the subject was instructed to decide whether or not this probe digit belonged to the set of to-be-remembered digits and to press the appropriate button as quickly as possible. The sequence of events on a given trial was as follows: (I) display of warning stimulus for 1 0 second, (2) display of probe digit until response is made, and (3) an inter-trial interval of 2-0 seconds. The probability of the probe digit belonging to the set of to-be-remembered digits was held constant at 0 5 across the three memory set sizes. The order of set size was randomised for the first three blocks, and this sequence was repeated throughout the session. Subjects were first given a practice session consisting of one block of four trials at each memory set size. Brief rest periods between consecutive blocks of trials minimised fatigue. Response category and reaction time were obtained for each trial. The zero intercept of reaction time-set function is taken as a sum required for the motor response and other unknown processes whose duration are unrelated to memory set size. The slope of this function is taken as time needed to scan one item in short-term memory.
Results
Total time to complete digit-symbol items, and the intercept, slope and error score from the short-term memory scanning procedure are presented in the table. Multivariate analysis of variance of these four Hart, Kwentus previous study of Friedreich 's ataxia patients. 10 The "yes" and "no" responses are combinedfor all subjects.
Psychomotor slowing and subcortical-type dysfunction in depression analysis yielded an effect of Group, F(1,29) = 3-93, p < 0 06, confirming what the figure illustrates.
Response latencies averaged across all three memory set sizes tended to be longer for both groups on negative trials (that is, trials in which the probe digit did not belong to the set of to-be-remembered digits), p's < 0002. A multivariate approach to repeated measures revealed that the effect of negative vs positive trials on response latency was exaggerated for depressed patients relative to normal elderly, F(1,29) = 691, p < 002. Both groups tended to make more errors on negative trials (p's < 009), but they did not differ from one another.
The figure also presents for comparison previously reported10 memory scanning data from three Fried- reich's ataxia patients (mean age = 27 0 years + 9-2; mean education = 120 + 0). These patients had both higher slopes and larger intercepts than agematched controls. The elevated slope is interpreted as a deficit in information processing speed.
Discussion
Patients with major depression demonstrated psychomotor slowing in completing digit-symbol items and in responding to probe digits during the short-term memory scanning procedure. However, response latency as a function of memory set size was unimpaired, suggesting a normal rate of information processing. These findings are consistent with the results obtained by Hilbert et al'6 who studied memory scanning in younger (mean age = 57-2) mildly depressed (mean Hamilton score = 16 8) patients. Our study extends these findings to a sample of moderate to severely depressed patients presenting with behavioural signs and symptoms initially suggestive of early dementia.
An impairment in arousal-activation mechanisms which modulate higher cortical centres has been postulated as an explanation for cognitive deficits associated with both depressive illness2 and subcortical pathology.3 Our findings suggest that different psychobiologic mechanisms may in part underlie the cognitive-behavioural slowing observed in depression and certain subcortical neurological disorders. In both Parkinson's disease and Friedreich's ataxia psychomotor-cognitive slowing is a characteristic abnormality. ' 25 The present findings might be explained in a similar manner. A deficit in central motivational state might not affect the rate at which information is transmitted or processed centrally. However, motivational deficiencies would be expected to influence the speed with which decisions are made, information is encoded, and/or motor responses are completed because of the cognitive effort required.
In summary, our results with depressed and Friedreich's ataxia patients in combination with those from an earlier study of Parkinson's disease patients using the same paradigm suggest at least one important difference between depressive illness and subcortical pathology. Although psychomotor slowing may be observed in both depressive illness and subcortical neurologic disorders, a normal rate of central information processing may distinguish depression from the latter disorders. These findings should be replicated, particularly for groups of depressed and Parkinson's disease patients.
